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a  b  s  t  r  a  c  t
Single  crystals  of lanthanum  lithium  aluminum  oxide,  La2Li0.5Al0.5O4, were  synthesized  for  the  ﬁrst  time
by  a ﬂux  method  at 773 K.  The  La2Li0.5Al0.5O4 single  crystal  is  colorless,  has  an  average  size of  60 m  with  a
square  platelet  shape,  and  crystallizes  in the  tetragonal  K2NiF4-type  structure,  space  group  I4/mmm  with
a  =  3.7742(9) A˚, c = 12.753(4) A˚,  V =  181.66(10) A˚3, and  Z  =  2.  The  structure  was  determined  using  single-
crystal  X-ray  diffraction  data  and  reﬁned  to  the  conventional  values  R =  1.25%  and  wR =  1.28%  for  524
observed  reﬂections.  The  octahedral  site  was  randomly  occupied  by  Li and  Al  atoms.  The  correspondingeywords:
ingle crystal
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2NiF4-type structure
lux method
olid-state method
polycrystalline  sample  was  also  prepared  by  a conventional  solid-state  reaction  method  at  1123 K.
© 2015  The  Ceramic  Society  of  Japan  and  the Korean  Ceramic  Society.  Production  and  hosting  by
Elsevier  B.V.  All  rights  reserved.ingle-crystal X-ray diffraction
. Introduction
The La2M2+O4 (M:  transition metal elements) compounds with
2NiF4-type structure display a wide range of interesting prop-
rties such as the host compound of high-Tc superconducting
xides in La2CuO4 and oxide ion conductivity in La2NiO4 [1].
n another solid solution system, La2Li0.5Me3+0.5O4 (Me: Al, Co,
i, Mn)  compounds also belong to the same K2NiF4-type struc-
ure. The structural and physical properties of La2Li0.5Co0.5O4
nd La2Li0.5Ni0.5O4 were intensively investigated from a view-
oint of a relationship between the MeO6 octahedral distortion
nd electronic conﬁguration of Me3+ [2–6]. On the other hand,
a2Li0.5Al0.5O4 polycrystalline sample was previously prepared
sing a precursor material of the thermal decomposed product of
anthanum and aluminum nitrates [7]. Abbattista et al. [7] deter-
ined the crystal structure of La2Li0.5Al0.5O4 using powder XRD
ata, although they have never reﬁned the atomic displacement
arameters. As this compound is interested in oxide and/or lithium
on conducting host structure, well-characterized single-crystal
ample is highly desirable to clarify the true crystal symmetry and∗ Corresponding author. Fax: +81 29 861 9214.
E-mail addresses: n.hamao@aist.go.jp (N. Hamao), j.akimoto@aist.go.jp
J. Akimoto).
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187-0764 © 2015 The Ceramic Society of Japan and the Korean Ceramic Society. Producprecise structural properties of La2Li0.5Al0.5O4; however, the corre-
sponding crystals have not been synthesized yet to our knowledge.
In the present study, we report the synthesis of La2Li0.5Al0.5O4
single crystals by a ﬂux method using alumina crucibles, and the
structure reﬁnement by single-crystal X-ray structure analysis. In
addition, we  prepared the corresponding polycrystalline sample by
a conventional solid-state reaction method.
2. Experimental procedures
Single crystals of lanthanum lithium aluminum oxide
La2Li0.5Al0.5O4 were synthesized using a self-ﬂux method.
The starting materials were 4.000 g of LiOH·H2O powder (99%up,
Koujundo Chemical Lab. Co., Ltd.) and 0.560 g of La2O3 powder
(99.99%, Rare Metallic Co., Ltd., dried at 1173 K for 6 h). They
were mixed by grinding and heated at 773 K for 48 h in air using
alumina crucible, and then cooled naturally. The products were
easily separated from the frozen LiOH ﬂux by rinsing the crucible
in water for several hours. Chemical compositions of the products
were analyzed by SEM–EDX (JEOL JSM-5400) at an acceleration
voltage of 20 kV using selected single-crystal specimens. The
lithium content was analyzed by ICP-AES (Hitachi P-4010) using
pulverized single-crystal samples. The crystal morphology was
observed using SEM (JEOL JCM-6000) at an acceleration voltage
of 15 kV. The crystal symmetry, lattice parameters, systematic
extinctions, and possible superstructures were examined by
using single-crystal X-ray diffractometer with an imaging plate
tion and hosting by Elsevier B.V. All rights reserved.
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FFig. 1. SEM photograph of La2Li0.5Al0.5
Rigaku R-AXIS RAPID II) using graphite-monochromatized Mo
 radiation (operating condition: 50 kV, 40 mA)  at 298 K. The
ingle-crystal X-ray intensity data were collected by a Rigaku
FC-7S four-circle diffractometer (operating condition: 50 kV,
0 mA)  at 298 K.
The corresponding polycrystalline sample was prepared using
 conventional solid-state reaction method. Li2CO3 (99.99%, Rare
etallic Co., Ltd.), -Al2O3 (99.99%, Rare Metallic Co., Ltd.), and
a2O3 (99.99%, Rare Metallic Co. Ltd., dried at 1173 K for 12 h) were
sed as starting materials. The mixtures powder was  pressed into
ellet at 40 MPa  and calcined at 1123 K for 10 h in air. The phase
urity and crystal structure of the sample were examined by the
owder XRD measurements with a Cu K radiation and 2 step of
.02◦ (Rigaku, SmartLab) at room temperature.
. Results and discussion
.1. Single-crystal synthesis
In the present single-crystal synthetic conditions using Al2O3
rucibles, considerable aluminum contamination from the con-
ainer material was observed. The colorless crystals of about
.1 mm × 0.1 mm × 0.1 mm (maximum) were obtained, as shown
n Fig. 1. The crystal shape was square platelet, but some
rystals showed octahedral morphology, as shown in Fig. 1(b).
ig. 2 shows the EDX spectrum of the single-crystal specimen.
Fig. 2. EDX spectrum of La2Li0.5Al0.5O4 single crystal.gle crystals: (a) 340× and (b) 1300×.
Chemical composition was determined to be La:Li:Al = 2:0.5:0.5 by
EDX and ICP analyses, which agrees well with the structural formula
of La2Li0.5Al0.5O4.
Single-crystal X-ray diffraction data of these crystals showed
the tetragonal symmetry and space group of I4/mmm,  which is
isostructural with La2NiO4 [1]. We  could not ﬁnd any super-
structures by using the R-AXIS RAPID-II diffractometer in this
study. The lattice parameters, which were determined by least-
squares reﬁnement using 2 values of 25 strong reﬂections in the
range 20◦–25◦ and Mo  K radiation ( = 0.71069 A˚) on the AFC-7S
four-circle diffractometer, were a = 3.7742(9) A˚, c = 12.753(4) A˚, and
c/a = 3.379. These values agree quite well with the reported powder
data; a = 3.772(1) A˚, c = 12.757(4) A˚, and c/a = 3.38 [5].
3.2. Polycrystalline synthesis
Fig. 3 shows powder XRD patterns of La2Li0.5Al0.5O4 synthesized
by conventional solid-state method. The observed diffraction peaks
were attributed to the tetragonal K2NiF4-type structure (space
group: I4/mmm)  although a tiny amount of La2O3 was detected
as second phase. The lattice parameters of the polycrystalline sam-
ple, calculated by the least-squares method, were a = 3.773(2) A˚ and
c = 12.760(6) A˚; these values were in good agreement with those of
the present single-crystal sample. It has been previously reported
that the preparation of La2Li0.5Al0.5O4 by solid-state reaction was
difﬁcult [8]; however, we successfully synthesized La2Li0.5Al0.5O4
Fig. 3. Powder X-ray diffraction patterns of La2Li0.5Al0.5O4 polycrystalline sample.
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Table  1
Crystallographic and experimental summary for La2Li0.5Al0.5O4.
Structural formula La2Li0.5Al0.5O4
Crystal system Tetragonal
Space group I4/mmm
Lattice parameters
a (A˚) 3.7742(9)
c  (A˚) 12.753(4)
V  (A˚3) 181.66(10)
Z  2
Dx (g/cm3) 6.559
Crystal size (mm)  0.06 × 0.06 × 0.04
Temperature (K) 298
Maximum 2 (◦) 135
Absorption correction method Gaussian integration
Transmission factors
Min. 0.302
Max. 0.469
Measured reﬂections 6703
Rint 3.23
Independent reﬂections 542
Observed reﬂections (>4) 524
Number of variables 15
R 1.25
wR  [w = 1/2F] 1.28
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Table 3
Anisotropic displacement parameters for La2Li0.5Al0.5O4.
Atom U11 U22 U33 U12 U13 U23
La 0.00731(3) =U11 0.00517(3) 0 0 0
Al  0.0029(5) =U11 0.0168(13) 0 0 0
Li  0.019(9) =U11 0.07(3) 0 0 0
O1  0.0123(4) =U11 0.0138(7) 0 0 0
O2  0.0067(4) 0.0097(5) 0.0099(5) 0 0 0
Fig. 4. Crystal structure of La2Li0.5Al0.5O4 viewed along [0 1 0].
T
AExtinction parameter g 114(2)
y conventional solid-state method using metal oxide and carbon-
te as starting materials.
.3. Structure reﬁnement
A small platelet crystal, 0.060 mm  × 0.060 mm × 0.040 mm in
ize, was used for the structure reﬁnement. The intensity data were
ollected by the 2–ω scan method with a scan rate of 2◦/min
t 298 K on the four-circle diffractometer. The ﬂuctuations of the
ntensities, monitored by examining a set of three standard reﬂec-
ions ((1 1 4), (2 0 0), (0 2 0)) taken after every 150 measurements,
ere within 2.1%. A total of 6703 reﬂections were obtained within
he limit of 2 < 135◦. All calculations were carried out using the
tal3.7 program [9]. Structure factors were obtained after aver-
ging the equivalent Bragg intensities, which were corrected for
orentz and polarization factors, scale factors, and absorption and
xtinction effects. Neutral atomic scattering factors for all atoms
ere applied in the reﬁnement. A summary of the crystallographic
nd experimental data is given in Table 1.
In the structure analysis that followed, the space group of high-
st symmetry, I4/mmm,  conﬁrmed by successful reﬁnement, was
dopted. The reﬁnement was initiated with the reported atomic
oordinates for La2Li0.5Al0.5O4 [7]. The site population parameter
or the Li/Al site was examined for possible nonstoichiometric com-
osition at the ﬁnal stage of reﬁnements. However, such a model
id not improve in both the structural parameters and the R value.
herefore, we proceeded in the structural reﬁnement using the
xed occupancy (50%/50%) for the Li/Al site. Finally, the crystal
able 2
tomic positional and equivalent isotropic displacement parameters for La2Li0.5Al0.5O4.
Atom Site g x 
La 4e 1 0 
Al  2a 0.5 0 
Li  2a 0.5 0 
O1  4e 1 0 
O2  4c 1 0 structure was  reﬁned to R = 1.25% and wR = 1.28% for 524 observed
reﬂections, with a shift/error for all 15 parameters of less than
0.001. The ﬁnal atomic coordinates and displacement parameters
are given in Tables 2 and 3, respectively.
The present structure reﬁnement revealed the precise positional
and displacement parameters of La2Li0.5Al0.5O4 for the ﬁrst time
(Table 1), in comparison with the original structural data [7]. The
K2NiF4-type crystal structure of La2Li0.5Al0.5O4 is shown in Fig. 4.
The La atom is surrounded by nine oxygen atoms at an average La O
distance of 2.614 A˚. The value was in good agreement with 2.616 A˚
for La3+ O2 (coordination number: 9) calculated from Shannon’s
ionic radii [10]. This coordination type is normal for La atoms in the
K2NiF4-type structure [5].
There are two-type distances for the octahedral (Li, Al) O coor-
dination; 2.229(3) A˚  for longer axial (Li,Al) O1 and 1.8871(5) A˚ for
shorter equatorial (Li,Al) O2, respectively. Therefore, the (Li,Al)O6
octahedron was  considerably distorted, as previously reported
by Abbattista et al. [7] from a viewpoint of the Li O Me  bond
strengths in the perovskite layer.
y z Ueq (A˚2)
0 0.36394(1) 0.00660(3)
0 0 0.0075(7)
0 0 0.037(17)
0 0.1748(2) 0.0128(5)
1/2 0 0.0088(5)
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. Conclusion
Single crystals of La2Li0.5Al0.5O4 with K2NiF4-type structure
ere successfully synthesized for the ﬁrst time by a ﬂux method at
73 K. Small, colorless square platelet-shaped La2Li0.5Al0.5O4 sin-
le crystals were grown from the LiOH solution. The structure
eﬁnement by single-crystal X-ray diffraction method revealed the
recise structural parameters for La2Li0.5Al0.5O4. The octahedral
ite was randomly occupied by Li and Al atoms. We also success-
ully prepared the corresponding polycrystalline La2Li0.5Al0.5O4
ample by a conventional solid-state method at 1123 K for the
rst time. We  are now attempting to reveal the chemical and
hysical properties of this compound using the polycrystalline
ample. [mic Societies 3 (2015) 301–304
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